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O ABSTRACT 0O

The research aimed to indicate the levels of dustfall in different areas of Mosul city,
residential, commercial and industrial in addition to a selected sites of small cities in the
around sub-boarder in Al-Hatra, Talkif, Sinjar, Al-Qayara, Al-Hamdania and Makhmoor.
Dustfall samples were collected from the sites at a height of 4-6 m using dry polyethylene
cylindrical containers for the period from December 2007 to October 2008. The collectors
were exposed to the atmosphere for a sampling period of 30 days. The results of statistical
analysis showed significant difference in the dustfall quantities among the studied sites in
the sub-boarder and Mosul city. On the other hand, little difference was observed among
different areas of Mosul city. The maximum monthly dustfall was recorded in Al-Hatra
city with 185 gm/m?.month. Additionally, the highest frequency of maximum dustfall was
occurred in Al-Hatra city with 33.33%, while the highest frequency for the minimum
dustfall was recorded in each of Talkif and Sinjar cities with 44.44%. The mean dustfall
quantity in Mosul residential area was 16.23 gm/m?.month. The study also found that the
dustfall in Mosul city was above the lowest grade of the standard of dustfall. Additionally,
the peak dustfall moved between March and September and mostly in March where the
storms increased. The results of this research indicate the need to vegetate most of the
unplanted areas and to make a green belts around the cities to decrease the dustfall
effectively.
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Dustfall is particulate matter which is too heavy to remain suspended in the
atmosphere indefinitely. Sources of dustfall include windblown soil, road dust, dust
generated by agricultural activities, ash from forest fires and recreational fires, and fly ash
from industrial sources. Dry climate, desert areas and windy conditions normally generate
the larger particles found as dustfall. The dust blowing in Iraq is considered familiar in
spring and autumn because of the decrease of vegetation in the last years and increase of
wind storms [1].

Particulate air pollution can cause a wide range of damage to surfaces and materials.
Merely by requiring more frequent cleaning, particulates can accelerate deterioration. If the
particle is corrosive or has other pollutants, for example sulfur dioxide may react with or
corrode the surface or material.

Under normal condition a human respiratory tract in good health is able to deal with
inhaled particles without undue stress or long-term effect. In sensitive individuals, or when
high levels of particles are present, particulate matter may contribute to increased rates of
respiratory illness and symptoms.

Dustfall quantities recorded large values in different sites of the world. It reached 23
ton/km?month in London and 33 ton/km?month in Osaka [2], while it reached 50
ton/km?.month in Al-Riyadh city and 270-300 ton/km?®.month in the entrances of the city.
In Damascus, Othman and Sabra [3] estimated the dustfall from 69-117.7 ton/km?/month.
In Amman, dustfall reached a mean of 163.6 mg/m?.day with a range from 80.4 to 212.4
mg/m?.day [4]. Additionally, it ranged between 200 to 390 mg/day in Quetta using Petri
dish method [5]

In Mosul city, Al-Sayegh and Al-Kattan [6] estimated the dustfall quantity near
Hammam Al-Alel cement factory between 114.8-172.7 ton/kmZmonth. Al-Hyalli [7]
measured the dustfall in different sites within Mosul city, she found the dustfall ranged
from 9.94 gm/m®month in Al-Methak site to 66.39 gm/m%month in Al-A'kedat site.
Additionally, Al-Saffawi [8] found the maximum dustfall in Mosul city of 43.67
gm/m?month in Bab Al-Tob site. He attributed that to the dense human activities in this
area in addition to high traffic volume and commercial activities.

In Lanzhou city (China), Xia et al. [10] identified the improvement in air quality
depending on the decrease of the dustfall samples during the period 1997-2005.
Additionally, Qu et al. [11] study the variation of the particulate matter over 86 Chinese
cities. He found a decreasing trend in the Northern cities during 2000 to 2006, while the
middle zone showed unobvious change with an increasing trend in the Southern zone.

Aims of the Research

Due to the climate change in the last years and rain shortage, dust increased. This
research tries to investigate the quantities of dustfall in Mosul city and in selected sites
around it in addition to the seasonal variation and comparison with the standard.

Materials And Methods

Sites were selected within Mosul city to represent the residential, commercial and
industrial areas for dustfall measurements for the period from December 2007 to October
2008. Additionally, six sites were selected in the sub-boarder of Mosul city in Al-Hatra,
Talkif, Sinjar, Al-Qayara, Al-Hamdania and Makhmor cities (Figure 1). Some of the data
were missed due to circumstances out of the reach of the researchers.

Dustfall samples were collected from the sites at a height of 4-6 m using dry
polyethylene cylindrical containers placed on the roofs of the buildings. The dimensions of
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these containers were 31 cm in height and 15.5 cm in diameter. They were mounted on 1.5
m-high tripod to avoid the collection of dust picked up by wind eddies. There was a bird
ring on each holder in order to avoid material from birds. Additionally, distilled water was
added continuously in each container to avoid the blowing of the dust from them. The
collectors were exposed to the atmosphere for a sampling period of 30 days. After that the
containers were closed tightly and transported to the laboratory for measurements. The dry
weight of the dustfall was weighted then divided by the area of the container to obtain the
quantity of dustfall in gm/m2.month.
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Figure (1) Location map including the sampling sites.

The collected data were analyzed statistically to find the differences among the sites
at each month using Duncan multiple range test at p<0.05. In addition, the monthly
variation at each site was analyzed using analysis of variance.

Results And Discussion

Table (1) shows significant variation in the dustfall quantity among the studied sites.
No significant difference was recorded between residential and commercial locations in
Mosul city in December, while it was significantly higher in the industrial locations than
the previous sites as these sites were located near the boarder of the town.

The  highest dustfall quantity was recorded in  Talkeef then
Al-Hatra and Sinjar cities in the sub-boarder of Mosul city. The high quantity of dustfall in
sub-boarder towns is due to the very slight land vegetation around these cities and between
Mosul cities and those in the sub-boarder especially in the dry seasons. Therefore, the wind
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can easily transport the particulate materials to these towns. In addition, these small towns
do not have multistory buildings of high elevation which work as a barrier obstruct the
path of the particulate transported by wind and storms. Furthermore, these towns lie in
open areas which ease the role of wind to blow the soil to these towns (Fig. 1).

In February, the quantity of dustfall increased since the rainfall decreased and it was
low in this year also. The highest dustfall quantity was recorded in Sinjar city, then Al-
Hatra with non-significant difference between them. On the other hand, the lowest dustfall
quantity was recorded in Mosul residential and commercial area. Whilst, it was higher in
the industrial area with significant difference from the latter, as they lie near the boarder of
the town, in addition to the particulate matter generated from these activities.

Table (1) Comparison of dustfall quantity among the selected sites in winter.

2
| Sites Mean + SE (gm/m“.month) |

Dec 2007 Feb 2008

Al-Hatra 50.0+351d 95.0+551f
Talkif 60.0+3.25¢ 45.0£2.25¢
Sinjar 43.0+1.26¢ 102.0 £ 5.53 f

Mosul-Commercial 9.0+031a 14.2+0.70 a
Mosul-Industrial 16.4+0.63 b 294+131b
Al-Qayara - 60.0+2.75d
Al-Hamdania - 83.0+3.75¢

Means with different letters vertically have significant difference at p<0.05.

| |
i i
| Mosul-Residential 13.0+0.76 ab 150+1.04a |
| |

In spring season, the highest dustfall quantity was recorded in
Al-Qayara south of Mosul city at March (table 2). Although the rain in March made a wet
deposition of the particulates from the air and assist in the land vegetation, but dust storms
increased in this season and bring the particulate matter from the Iragi western desert. The
quantity of dustfall in Al-Hatra site came in the second order after Al-Qayara. It is the
nearest location to Al-Qayara site, where most of the areas were unplanted and the wind
can blow the soil particulate, in addition to the shortage of rain in this year. Talkef and
Sinjar areas were more vegetated that the previous sites, therefore, lesser quantity of
dustfall was recorded. Additionally, Sinjar mountain work as a barrier from the North-
West wind, while. The dustfall quantity in Mosul residential was the lowest with non-
significant difference from commercial area. The source of dustfall in Mosul city was the
wind also which blow the soil particles in the air, but there are a low number of un-
vegetated or unoccupied areas in the city.

In April, the highest dustfall was recorded in Al-Qayara city also. Additionally, the
dustfall increased in Sinjar city as it became after Al-Qayara due to the increase of wind
storm in this month in the Western desert and it came across the Syrian boarder. Al-
Hamdania city also recorded high quantity of dustfall reached 62.0 gm/m?.month due to
the lack of land vegetation in this area. On the other hand, the quantity of dustfall in Talkif
reduced at this month with non-significant difference from Mosul city due to the growth of
grasses which cover the ground.

In May, the highest dustfall quantity occurred in Al-Hatra city, then Al-Hamdani
(table 2). These sites lied in open area in which the storms play a main role in transporting
the particulate materials to the residential areas. Makhmor city also recorded a high level
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of dustfall of 93.0 gm/m2month which is mostly affected by the storms from the west. The

lowest level of dustfall was recorded in Mosul residential and commercial areas.

Table (2) Comparison of dustfall quantity among the selected sites in spring months.
Mean + SE (gm/m?.month)

Sites

March 2008

April 2008

May 2008

Al-Hatra

87.0+4.04¢

72.0+3.75¢C

185.67+6.179g

Talkif

48.0+2.52 ¢

220+ 0.76 ab

40.0£1.76b

Sinjar

55.0+2.52¢

146.0+6.11d

65.0+3.51¢c

Mosul-Residential

194+151a

16.0+0.75a

20.7+0.85a

Mosul-Commercial

25.8+1.51ab

23.2+1.10ab

252+135a

Mosul-Industrial

320+£155h

304+£140b

37.0£1.76 b

Al-Qayara

102.0 £5.03 f

165.3 £ 7.51e

76.33+£1.45d

Al-Hamdania

740+3.36d

62.0+2.85¢C

132.33£6.07 f

Makhmor

93.0+4.25¢e

Means with different letters vertically have significant difference at p<0.05.

In summer at June, there is a significant difference of dustfall among the studied sites
(table 3). The quantity of dustfall graduated from Al-Hatra as the highest to Mosul city as
the lowest, while Makhmor came in the second with 114 gm/m®month. No differences
were recorded in dustfall among residential, commercial and industrial Mosul locations.

Table (3) Comparison of dustfall quantity among the selected sites in summer months.

| S Mean + SE (gm/m?.month) |

ites

June 2008

July 2008

Al-Hatra

180.0 £ 7.02 f

78.0+£351d

Talkif

64.7+2.89¢c

63.0+3.51c

Sinjar

450+£225b

40.0+144b

Mosul-Residential

15.0+£0.50a

156+0.31a

Mosul-Commercial

13.0+0.45a

149+ 0.50 a

Mosul-Industrial

220+1.04a

17.0£0.76 a

Al-Qayara

523+£1.01b

90.0+5.03 ¢

Al-Hamdania

84.3+4.34d

79.0+4.04d

Makhmor

1140+551e

94.67+4.7¢

Means with different letters vertically have significant difference at p<0.05.

In July, the number of dust storms decreased [10]. The dustfall in Makhmor and Al-
Qayara was the highest among the sites included in the study, then Al-Hatra and Al-
Hamdania with non-significant difference between the two formers. Mosul city stay with
the lowest quantity of dustfall.

In September, the highest dustfall occurred in Al-Hatra city with significant
difference from other sites (table 4). It reached about 170 gm/m?.month as the dust storms
increased in autumn. The dustfall in Makhmor and Talkif came next with about 80
gm/m%month with significant difference from Mosul city which recorded the lowest
dustfall quantity around 20 gm/m?month.
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In October, with the starting of rainy season, Al-Hamdania city recorded the highest
dustfall with significant difference from other sites (p<0.05), then came Makhmor, Al-
Hatra and Al-Qayara with significant difference from Mosul-residential site which
recorded the lowest dustfall. The rain in this month gives cohesion to the soil and reduces
the particulate blown by wind.

Table (4) Comparison of dustfall quantity among the selected sites in autumn months.

2
Sites Mean + SE (gm/m“.month)

Sep 2008

Oct 2008

Al-Hatra

171.0+£7.25¢

85.0+3.77¢

Talkif

78.0 £ 3.85 cd

56.0+2.75¢

Sinjar

61.0+£3.25h

29.0+£1.76 b

Mosul-Residential

20.0+1.26 a

114+05a

Mosul-Commercial

170+ 0.72 a

216+£1.15b

Mosul-Industrial

26.0+155a

26.8+1.15Db

Al-Qayara

72.0+3.25¢

75.0+4.04d

Al-Hamdania 57.0+255D 105.0+4.75¢
Makhmor 84.73+1.45d 95.0+4.1f

Means with different letters vertically have significant difference at p<0.05.

Table (5) shows the mean quantity of dustfall in the studied sites. The mean value of
Mosul residential site was 16.23 gm/m?.month which was higher than that recorded in
Amman 4.91 gm/m%month and Cairo 14.25 gm/m%month. This is probably due to the
weak land plantation in and around the city and the topography of site. Additionally, this
result was more closer to the lower value of the range recorded by
Al-Hyalli [7] from 9.96 to 66.39 gm/m?.month.

Table (5) Average quantities of dustfall in mg/m?®.day for the studied sites along the study period.

Sites Mean (gm/m*.month)
Al-Hatra 91.45
Talkif 52.96
Sinjar 65.11
Mosul-Residential 16.23
Mosul-Commercial 18.21
Mosul-Industrial 26.33
Al-Qayara 86.62
Al-Hamdania 84.58
Makhmor 96.28

All the values recorded for dustfall quantity exceeded the grade | of the standard of
4.5 gm/m%.month in Mosul city and in the sites around according to the Statutory Authority
Environmental Law [9], while only one value (11.1% of the reading) was within grade 1V
of dustfall standards of 9.0 gm/m?*.month in Mosul commercial areas. When using South
African National Standards (SANS) [13], the level of dustfall for Mosul city (residential,
commercial and industrial) was considered as "heavy" which indicates a fine layer of dust
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on a surface. On the other hand, the other sites around Mosul city was considered "very
heavy" with dustfall easily visible like a surface not cleaned for a few days.

Seasonal Variation

Figure (2) shows significant variation in the dustfall along the study period in Al-
Hatra city. It is surrounded by open area mostly unplanted. Therefore, the quantity of
dustfall was affected by the weather condition of wind and rain. The peak dustfall occurred
in spring to summer due to the increase of storms in spring and the decrease of land
vegetation in summer (Fig. 2). Additionally, the number of storms increased in Iraq in the
last years [1 & 10].
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Figure (2) Variation of dustfall in Al-Hatra site along the study period (p<0.001).

Figure (3) shows significant variation in the dustfall along the study period in Talkif
city. The peak value was recorded in September since in spring the area in Talkif and
around it was covered with the grass and green plants.
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Figure (3) Variation of dustfall in Talkif site along the stud%/ period (p<0.001).
The peak value of dustfall in Sinjar reached 140 gm/m“.month in April due to the
increase of dust storm in this month from the Iragi desert south the city (Fig. 4).
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Figure (4) Variation of dustfall in Sinjar site along the study period (p<0.001).

For Mosul city, the peak values of dustfall for residential, commercial and industrial
were recorded in spring months due to the increase of storms in this season (Figs 5, 6 and

7), in addition to human activities especially car movement which contributes in the
generation of dustfall.
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Figure (5) Variation of dustfall in Mosul-residential site along the study period (p<0.001).
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Figure (6) Variation of dustfall in Mosul-commercial site along the study period (p<0.001).
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Figure (7) Variation of dustfall in Mosul-industrial site along the study period (p<0.001).

For Al-Qayara site, the peak value of dustfall was 165.4 gm/m?.month, which was
recorded in April due to the increase of dust storms in this month. This site lies in an open
area from the North and West where the wind mostly come.
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Figure (8) Variation of dustfall in Al-Qayara site along the study period (p<0.001).

The peak value of dustfall in Al-Hamdania was 132.33 gm/m“month in May. This

area was mostly affected by the dust storms generated from unplanted areas by the wind
coming from North-West direction.
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Figure (9) Variation of dustfall in Al-Hamdania site along the study period (p<0.001).

The data included in this study for Makhmor site was for summer and autumn only.
The peak value of 114 gm/m?month was recorded in June. This city was affected the dust
storms formed by the wind as it lies in an open area from West and North.
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Figure (10) Variation of dustfall in Makhmor site along the study period (p<0.001).

Conclusions:

1. Dustfall quantity in Mosul city recorded high levels above the lowest grade
of the standard.

2. The slight land vegetation within most of the study area leads to high
quantities of dustfall in the sub-boarder cities.

3. The peak dustfall moved between March to September and mostly in May
where the storm increased.

4. The results of this research indicate the need to vegetate most of the

unplanted areas or to make a green belt of trees around the cities to work as a barrier for
dust to decrease the dustfall effectively.
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